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(57)Abstract 

PROBLEM TO BE SOLVED: To enhance emission efficiency and emission output 
by growing a semiconductor element emitting light in UV region where the emission 
peak wavelength has a specified value or less on a semiconductor substrate having 
dislocation density of a very low specified value. 

SOLUTION: A buffer layer, an n-type contact layer 3 containing AlaGa1~aN (0< 
a<0.1), an n-type clad layer 4 containing AleGa1-eN (0<e<0.3), an active layer 5 of 
InfGa1-fN (0<f<0.1), a p-type clad layer 6 containing AldGa1-dN (0<d<0.4), and a 
p-type contact layer 7 containing AlbGa1-bN (0<b<0.1) are grown sequentially on a 
GaN substrate 1 having dislocation density of 1 06/cm2 or less thus forming a 
nitride semiconductor element having emission peak wavelength of 380 nm or less. 
The n-type contact layer 3 is provided with an n electrode and the p-type contact 
layer 7 is provided with a p electrode. In the case of a UV LED emitting light in UV 
region, emission efficiency is enhanced using a nitride semiconductor having low 
dislocation density. 
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ffirt^ttAffi«c#urWfft*iRi-efiK«L j ?»-r<, SlU 

TM**fl-e* Vy<47*WLttZ>b. ^Yy^-fb^ 
^2^LtJ:5ft^ H B B ^«^Slr^pr^^ft^ 
J:p{cE!5 (b) OJ;5^, b-f3Wdi"b+i:ai*»* 

[0 0 4 0] AS^il^t6t77-f7lilr 
[ft!J77S^Ri^«^ Rffitc^LTSiE*^ 

h y* 7na*iaiK#L-c*<b*#***** t^-r^M 

[0 0 4 1] (MgAhOi) fd^ 

^frOfiS:SSSr (111) liU ty77K (1 l 

o) asir-rst. M{b^#«ff« (no) icsit 
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o) ffi(c*rtTSi:*f6i«^ h7>r ^m^t^tmt 

[0 0 4 2] *fc, £A~RC ^-77>^^tifc1^y7 
O^BOa < , fStf&fWIE t < £ ^ S 0 

tit. m4\z^i-xo^ WtW<o&m<D&n*&A;tzm. 
-tZo mtzmmmm**7ft&o. i° -o. s° % & 

gfttJ¥3lft: 4 3 SS) 7 * p ^- 1 4 9 . 

Wat**** m»*. «hwk #«*9©fi±Lfct 

[0 0 4 3] JtlEOE LOG/fog^i 9 

»bftfcWb*¥«*«E±fc)EfcELOG***r1¥o 

Tti, 1-8 0 2 8 8*Wfl»klB«SfL-CV* 30 

oil 2 (^jtitisia o »e>tLfc* 2 oiftft** 

#4 3_L{cHt-, «*tfHVPE*£K:J:o"CMl. 09 
xtf8 0-5 0 0 m m©* 3 ©«fcft¥SHHr**3 

witfjfsi<ii4 o o-8 Ofimm^mm t 40 

4fe¥4g{t*> ft 5 »Mfe¥W#JbK: E L O G«* Sr* 0 
[0 0 4 4] JiBOip*. teffiO^/it^ikft^* 

10 0 4 5] EtTfc, Hll^*SttS*^«5gfcol^T 50 
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WWI"*. L*U «*tr-****3 8 0 

[0046] [ni^V^^H3] fcJSWfcliS^T, 
nSiaV** M3iUlt HAl.Ga,, 
N(0^a<0. 5, »£L<&0< a<0. 5 % J: 9 
94L<ttO. 01<a<0. 0 5) «r4A/-C*S*ft 

Alffl/*fcttf±EttH-0*>5i. SBKiROK-iht* 

nm=*^*? hS3tt. nS**fi»Srl X 1 o" - 1 x 
10"/cm\ ^L<H1X10 I8 -1X10V 

i\ :iOi9l:nS3^^ MI£«fi£-r£A 1 m.j$L\£ 

tf. Si, Ge^as^Jf <b*k jfJKliSitfcS. 
0. l-20/im#»4K, t99*L<lil-10 

umxtoZo m&&z<Dm,mx*hz>k* ^-mnm mz. 

[0 0 4 7] [nmty? KB 4] #369U£*3^-C\ n 
1^77 KJi4i:LTtt. Sttl5(75/<^ K^-t 

*LlSfifiKi:LTtiU Al.Gan N (0<e<0. 
3, JfJKttO. Ke<0. 2) 0>fctf>#ijMf feix 
5c nl!^7;y K/fri 5 . CO<t 5&A 1 G a N^5>*5 

m&m^<D**y 7©ai:a»©jft'e#tiv\ n 

fiO. 0 1—0. l/um-Cib^ <fc!>#*L<tt0. 0 
3 — 0. 0 6/imt'Wo nS^5s/KlOnS^«* 

#KIW63ixfcv\^ #£L<teixio"- 
lxioVcm't-fc^ i^iKliixio' 8 

-l x i o' 9 /cm'xhZo r 

[0 04 8] ns^77 KB**, ±te^ j: o tm-m<D 
tele, ^jfffiiJi OBtt^fllJtSrftW 

5 0 JtlSCOAKGai- N <h > 

(D/h^V^t InbGa^ N 

(0^h<l) , A 1 j G a i-j N ( 0 ^ j < 1 , e> 

i oo^-y^ hP-A^T, 8SL<li7 0^">-^ 
^hn-^jL^T, J:93*L<ij:lO-40ty^h 



(8) 
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Sttt±v>. *fc, /<yK*ty^W-OJct 
W— "C t»* o T «fc V \ 

[0 0 4 9] [SI4I5] *«Wfc*5V*-C, ?S14l5i: 10 
UTtt, *#tr-*ft*j&S3 8 0 nmETF, #*L<te 

(osf<o. i) o*ft**»###rfbtus. Stt 

V> I nffl*Jfc£/h£< l-C^<^\ I nfiricJfctiilSiA/ 
bh6S«©IW*»»f bft. «*tf»*U<«:o. o 

01-0. Ol^mt'fc^ «fc!)#*L<rt:0. 0 0 3 20 
-0. 0 0 7 MmT-ife$ 0 RJWS±fE«8HT?&5i383te 

-S^^FStii^^. ±ElnrGa,-r N£#FJIt 

v ^ffljjt d> b 4 5 MOM t b 4 5 #SS^#F«5£ t L 

[0 0 5 0] gttIO I nli/«JtOB«fc LT 

tt, 3g3fcf-^&fi#3 8 0 nm»Ti45 I n*l/£Jfc 

£fc£>, Sf^x^yU^- (E*) ^InGaN^y 

K^ty/x^- (Eg) J:9t*:t<40. 07 
J: 5 KtmSCft ^5>*» ibnSSSft&fi J: 9 . 

[0051] caawiow-jisa 

Eg = 3. 4 0 + 1. 9 5 x-B% (1- 

z) 40 

(nm) = 1 2 4 0/E g 
Eg : I n G a N#F/f<7V<^ K^Y :7 p :x;|;/^:¥— 
x : I nOfflriUfc 

3. 4 0 (eV) :GaN^y^t7^W- 
1. 9 5 (eV) : InN^yK^^^*^- 
B : <>^7J><-*-£^U l-6eVit 
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*49. 1 eVK±tft5wfc*Wt)4^4otStV^ 
[0 0 5 2] JLE<0J:5fc#FJ§<DS IMSMit^ 
fit, JtBS^*«S*fcfc#o*aift*i:lwr4, Wtt 

[0 0 5 3] [pi^7^Kl6] $^l:fc^T, p 
y v Vm 6 t LTtiu ffiteJf 5 O/O K3?y 

y toes i:a»3»T?# 6 <><z>-es>n»ii#^ias*ix4v^ 

# % »*L<fi > AhGan N (0<d^0. 4, » 
*L<ft0. 15^d^0. 3) <7>4>W^{f btlSo 

7yKB®If[i, ftfcv^ 5 , #4L<li 

0. 0 1-0. ±9#*L<tt0. 0 

4-0. 0 8^mm pS^7 5/Ki^pf^p 
g«tt, 4*twH3EStt4v^5, #£L<telxi0 18 - 
lxioVcm'tfc^ £<9#£L<!*1 x l o" 

[0 0 5 4] p!^7s/KIIt ±EOJ:5^-I^ 

tfrfrfclM*^ InhGai* N (0 ^ h < 1 ) , Alj 
Ga.-j N (03 j < 1* e>j) bftS* #J1 

tt^WJS^SI^fl, -BcoJKJS^l OOty^Fp- 

£L< 111 0-4 oa-lsy* hn-At, iSt&^NSit*: 

v\ 

[0 0 5 5] [pi^^^ h/17] 
pl^y^ M7tim W<HAhGa»^ 
N (0^b<0. 5, »*t<fi0<b<0. 1, £<9 
»*L<{i0. Ol^blO. 0 5) tr^A/t?45ttft 

®¥m#mt?hZo pi^^^n^Aimt-i 

5* bid A ia^it^±|2©HT-fo5i:. nl^y^ 



(9) 
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H7I1 pM»^lX10 ,8 -lXl0Vcm 
\ »*L<f±5 X 1 0 19 -5 X 1 0* /cm 5 «f 

ittli, »lnB3e**t4v^, 0S*.tf#*L<fiMg 10 

&mfhtiz> 0 pm^yf? h«7oRj»tt, *snc:k£ 

SiXJfcV^ 0. 03-0. 5|tmi*4L< % <t!9» 
£L<teO. 1—0. 15Mm-Cfc5o iW 5 -©ISl 

[0 0 5 6] £fc, *55M^*5V^, p«fiitfnt8 

[0 0 5 7] ifc, pffiMtpSflsL 20 

5 0 7=-5y^teitim 4#ff^2 5 4 0 7 9 1 
MM*: K-:73*tfc«ft;;*f y 

£-£fc&, mtW«-**«:***v^H*+, 4 0 0*0 
[0 0 5 8] 

[SUM] ElTlc. *»WO-|l«o»tt-e*>5*JSffil 30 

fc±5K, 1 ntt*Jt«)3a»fl[o«-Jia:<offl[i:, 

[0 0 5 9] [Xlfcffll] Hlfc«lfcLT* RUfc*3 

[0 0 6 0] 1 £ IT, H4CSti 40 

>^/ufle = 0. 15° , ^y^91fei:t2 0^ 

mx'hz>i-y7'<7m&zmni-z>o :©t7r^7i 

y ^AoO t77^7Sg±i:Ga 
«:2 0 0*^^ ho— A0)BIIP-C****5. ^<y7 50 



#53 2001-60719 
16 

7B**flL TMGtf>*Jh*t\ 0 5 0t:*T? 

±#£-£, 1 0 50ti:4ofc?), JgfW^CTMG, 
7y^^7ifcfflV\ 7yK-^GaN^5)45SlW 
»{ttt*W#li4 2*2Mm©8t»-Cj«ft**5. & 
*1©W**»#14 2 t«iLfc*x-^±C 

h7-<yHBB (0afflj£»i*5»#) 
^V^StlfcS i Ot««:«jSU «V*T, R I Egl 
{C«t9S i OiaojgfiJc$JxTV>ftV^^(0» l^ift 
«iMftl4 2^Tx 7 fy^lI^f77^7S: 1 
2 0 Off?* hn-^OfK* 

cfcK: J: 0, BMMXKiJR l 
14 2^Eas^-^5o Dfli!h*»*«»-s agP±S50S i 
0,««rBfe*-f5. **5* T^fitt* BIS (b) 
fc»-*-J:$K:* *y :7 7®lc2tLT0. 3° -ffeLTJB 
^-T5 0 ft!-, R*S«fc-fcy hU «EET\ 
CTMG, T>^r~T£fflV\ 7yK^OGaNt9 
ftSJB2 0»tft**#Ji4 3 Sri 5 ix mCW-e** 

(I2) 6 »6ftfc»fcfc¥*#l*l©*B© 

[0 0 6 1 ] (nS^>^^M3) #^ftfcS 
fb4fc*M«M&IE 1 ±fc* 1 0 5 OttTMG, TMA 
( h ]) t^/VTfr^-tPJ*) . T>^~T, Uy> (S 
i H<) £JBV\ Si^r5X10 18 /cm 3 K— ^Ufcn 
|AU« Gau Ni 045nia^^ hJf3&4 

[0 0 6 2] (ni^?yKi4) ftiUOSOttT 
MG , TMA, 7V^7, i/yy%f%t<\ Si£5X 
loVcm'K-yitnSAU.e Ga 1E N «fc 9 
45nl^5y KB 4 4: 4 0 Oir^lf* hu-AoBfj? 

[0 0 6 3] (ffiitS 5) fcUl**SH« ( K 7 0 0t 
tTMI, TMG x 7^*=7«rfflV\ 7^K-^In 
GaNiO*6SttJiSr5 5^*V^^ hD-AOlft' 
/£g£-£6 0 I n»/SJfcW\ HBfi^PlffiftaflElw** 

[0 0 6 4] (pi^77K16) ftlwAXSH* 1 * 1 , 
1 0 50tT*TMG, TMA, 7V^7, Cp 2 Mg 

(i/^n-<V^^3iriyU-7^^^^) Mg& 
lXloVcm'K-AfcAlo. Gao.8 N«fc«9& 
5pS^7^ KJI6£6 0 0ty^ hP-A(^lfT' 

[0 0 6 5] (pi^^H7) SS^X, TMG, 
TMA, 7>^e^T, Cp 2 MgT\ Mg^ixio" 



(10) 
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/cm' K-^LfcA lad Gaa* N±945pS3 < 

[0 0 6 6]rtft»7«, + * **-^«:5 

££8rtlc*5^T, 7 0 OtTCT^— !J ^^«:ffv\ p 

*«r»/*U RIE (RKtt-f 
(SlM^-f J; 3iainy^ Ml 3 a>«ffiSrBttiS* 

5o 10 
[0 0 6 7] ft±«t::*>3 pS^** 

hJ!7 0l5ff±ffi^fflt*2 0 0*^?* hn-AON i 
fc A u Sr^fr Sfttttf) p S;^ 8 t % ^p!i8(D±C 
^r^»Aui!)45p^y Kttfil 0£r0. 

Ittznm^^*? h«3<D3c®K:teW£ A 1 Sr^trnm 
ffi9Sr?g^i-S 0 »«^p«ffi8 0*ffiS:«aii-5fc«) 
ICS i 0 2 <fc 9«6t6ttR«:»Abfctt. ^-^Sr* 
^7^^a>9^LT3 5 0/imft(DLED|^i:t 
3 e (&U LEDI1 *36i-5fStt«3ftS»k*¥»*S 20 

[0 0 6 8] wCOLED^fiMl*lS]«E 1 OmAld^ 
t N Tx 3S3fct°— *j£gj&S3 7 1 nm«r*U Vftt3. 
5 V, ta^J(12. OmWT'fcS, SUSMlOLEDOSI 

[0 0 6 9] [H*£#J2] SCMlfl 1 KlSaW^X", 

3 6 0nnu 3 7 7 n m fc ft* <fc 5 fc&ttJI 30 
<D I n4ft*Jt«rP«-*-5ttttlRl«lJ:UTLED«rfP«-r 
6 C »b*tfcLEDO»*«W»tt. 36>febr— ^«t»S3 * 
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6 0nm^ttO. 5 9 %, 383fcfc*-*i£fi# 3 7 7 

[0 0 7 0] [JtlMWl] jHH«lfc*JW^-C, S*ftt: e - 
^WU7 0nm % 5 2 0 nmt45i5CfStti^ 
I nlWJt«rWI»-r6«lttlBfllKt-CLED«rff«i- 
4. #b*LfcLEDO«3t»*tt**t?iX6. 0%, 
3. 0%i45. £fc, cix^^x— #SrH6^»t t 

[0 0 7 1 ] [tt««2] IfcHttWlfcjSl^-C, *ft 

777l$r300ty^hp-A^g^t, 

mfrbftzm*ffim&&&is j £z>m*mm\zLr > le 

3§3tt°-^i£S#3 6 0 nnu 3 7 1 n m x 377n 
m, 4 7 0 nm, 5 2 0 n m k JfctSW L E D£f£$! 
"T^o #bixfcJt«i^LEDO*553tSa*tt, *ti*!ti 
0. 2 5%, 4. 8%. 5. 1%, 6. 0%, 3. 0% 

[0 0 7 2] (**WfcJfc«09©LED©363fc»¥©tt; 
150 g]6fi, a^b*»**fr««Sr«v^-C45LED«3* 
3ttr-^**o«{fc»j:J:S**3»*<o«[ [•] ^7 

fc£5*ft8M*0>ffi [■] ityByhLfc^57-C* 
•5. EATfCfi. d6^^tl,-C^-5-hlS<OjltSF!lS.U ? Jt 

[0 0 7 3] 

[£1] 



RtB: (nm) (%) 



3 6 0 


0. 


5 9 


0. 


2 5 


3 7 1 


5. 


7 0 


4. 


8 0 


3 7 7 


5. 


8 5 


5. 


1 0 


4 7 0 


6. 


0 0 


6. 


0 0 


5 2 0 


3. 


0 0 


3. 


0 0 



[0 0 7 4] H6«:ffl^T, g&W*8iSi:. 3S3tf-* 
•5. £1* . ft%V—9$L&&4 7 0 nmRXl5 2 0 n m 

D [B:Jtttf3 2] raC*#8l«P&*-r5. *L 

T, lIl^OLEDIi, $83fcfcN-*S£gi&S4 7 0 nm*> 
P> 3 8 0 n mi:|Sl*>oTttt5 t . «3t3»**saK»*» 



g^tLED [■] tdtt^T, tefiO^'i^^bfe 
f«MS§rI^fcLED [•] 0**ffiTO«4**«/h 

•5. ^b^, 3g3tetf-*&£j» J 3 8 0 nm&TF bttZt: 
50 [0 0 7 5) L*»U t77^7SMffl^T45LE 
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[0 0 7 6] J£JL_biO J: 5 fc. 

[0 0 7 7] 

[«9!<0JBl*l «BWtt, J83ttT— ^***3 8 Onm 
[HBOtBm^iaW] 

[Bl] Hi (is 3«fi^JBfl8-C&SLE.D<7> 
[12] i2(t *^tfflV^:i:OT^ELOG 20 

t?s>5. * 
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[13] @3il t77^70S*ft**t«yFt 

[14] 14J1 1 7 7 y Lf:SISS^ai^4 

[15] I5(t ODfi^^ h7-f >^*lPlSrlttMi-6fc«> 

[16] S6tt, *lfiWJtl/Jttt«IOLED<0«3ta* 
tl««^t^7 7ffc^ 0 

[17] I7fi, Sitfo^FI^v K^t y/x* 
(Eg) »^3Wft:<7)»*^J:536«*ft©3i 

[^OlftW] 

1 • • • Sffi 

2 • • - /<777i 

3 . . . nS^y^ f>Ji 

4 • • • nm?7? KJB 

5 • - • S&g 

6 • • • pfi*92X KJf 

7 - . - pl^y^^ hJf 

8 • • • pli;@ 
9 • • • n®4§ 

1 0 • • - *<y VMM 





(b- 1 ) 



(12) 
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[13] [SU] 




[H7] 



